Discotylenchus lorestanensis sp. n., recovered from soil near Persian oak (Quercus brantii Lindl.) from the Lorestan province of Iran, is described and illustrated based on morphological and molecular characters. The new species is characterized by females with a body length of 449-566 μm, a = 28.3-39.5) b = 5.2-5.8, c = 6.2-8.1, c' = 5.8-9.2, V = 63.3-71.1%, stylet 8-9 μm, spermatheca lobed and offset, filled with rounded sperm, post-vulval uterine sac (PUS) 4.8-6.5 μm, tail length 66-78 μm, not filiform, tapering to a rounded tip; and males with spicules 13-16 μm long. The new species has unique molecular sequences of SSU and the D2-D3 region of LSU expansion segments, Discotylenchus lorestanensis sp. n., separated from all known species of the Tylenchidae. We also provide an updated dichotomous key to the genus Discotylenchus.
Introduction
proposed the genus Discotylenchus in the family Tylenchidae Örley, 1880 . Discotylenchus has a markedly tapering, smooth cephalic region, with an offset, distinct perioral disc, and lightly sclerotized framework. The amphids are longitudinal slits at the base of the perioral disc (Siddiqi 1980) . Siddiqi and Lal (1992) transferred two species of Ottolenchus Husain & Khan, 1967 to Discotylenchus that had been introduced as O. azadkashmirensis Maqbool & Shahina, 1985 and O. longicauda Maqbool & Shahina, 1985 . Mizukubo (1993 described Filenchus discolabialis, later transferred by Siddiqi (2000) to Discotylenchus. To date, seven valid species, reported from all continents, are placed in the genus Discotylenchus: D. discretus Siddiqi, 1980 [type species], D. attenuatus Siddiqi, 1980 , D. azadkashmirensis (Maqbool & Shahina, 1985) Siddiqi & Lal, 1992 , D. brevicaudatus Brzeski, 1986 , D. discolabialis (Mizukubo, 1993) Siddiqi, 2000 , D. iranicus Ghaemi, Pourjam, Atighi, Pedram & Karssen, 2012 , and D. longicauda (Maqbool & Shahina, 1985) Siddiqi & Lal, 1992 . However, D. iranicus was later transferred to the recently described genus Discopersicus Yaghoubi, Pourjam, Álvarez-Ortega, Liébanas, Atighi & Pedram, 2016 . Two species of Discotylenchus have been recorded in Iran: D. discretus, and D. brevicaudatus. In the present study, a description of D. lorestanensis sp. n., is given, with detailed morphology and molecular data for the Iranian populations of this species. An identification key is also given for the valid species of the genus. Full length 18s SSU rDNA and the D2-D3 expansion segment of LSU rDNA were sequenced for two isolates of D. lorestanensis sp. n., and these sequences were compared with those of some other Tylenchidae to determine phylogenetic relationships within the family.
Materials and methods
From May to October 2014, seventy soil samples were collected from oak forests in Khoramabad county, Lorestan province, western Iran. Nematodes were extracted by the Whitehead tray method (Whitehead & Hemming 1965) , and were killed and fixed with hot FGA (formalin, glycerin and acetic acid) (De Grisse 1969) . FGA-fixed individuals were transferred to anhydrous glycerol according to the method of De Grisse (1969) and permanent slides were prepared. Measurements were made and photomicrographs taken using a light microscope (Olympus BX51), equipped with a Dino-eye microscope eye-piece camera in conjunction with Dino Capture version 2.0 software. Drawings were made using a drawing tube attached to a light microscope and were redrawn using Photoshop 7.0 ME software.
For molecular analysis, nematodes were identified by microscopic observation, and a single nematode was transferred to DESS and then to a 0.2-ml PCR tube containing 25 μL of sterile de-ionised water. For lysis, 25 μL lysis buffer containing 0.2 M NaCl, 0.2 M Tris-HCl (pH 8.0), 1% (v/v) β-mercaptoethanol, and 800 μg/mL proteinase-K was added (Holterman et al. 2006 ) and incubated at 65°C for 30 min followed by 99°C inactivation at 900 RPM using a Thermomixer (Eppendorf). The lysate was used for the PCR reaction. Primer combinations used for LSU amplification were D1A (5'-TTAAGCATATCATTTAGCGGAGGAA-3' forward; Holterman et al. 2008) and D3B (5'-CCAGTTCTGCTTACCAAAAATG-3' reverse; Azizi et al. 2016) , or D2A (5'-ACAAGTACCGTGAGGGAAAGTTG-3' forward; Nunn 1992) and D3 (5'-TCGGAAGGAACCAGCTACTA-3' reverse; Nunn 1992 For cloning, gel-purified amplification products (Zymoclean Gel DNA recovery kit) were cloned into a Topo2.1 vector (Invitrogen) using Top 10 chemically competent cells. Cloned fragments were sent out for sequencing using standard procedures (Macrogen, Korea).
The newly obtained 28S rDNA sequences were aligned using the Clustal W algorithm as implemented in BioEdit 5.0.9 (Hall 1999) with available sequences of Tylenchidae in GenBank (accession numbers: see Table 2 ). The alignment was manually refined and a Cephalenchus hexalineatus (Geraert, 1962 ) Geraert & Goodey, 1964 (GenBank accession number EU915493) sequence was included as outgroup. The full-length SSU rDNA sequences were aligned, using ClustalW as implemented in BioEdit 5.0.9 (Hall 1999) , with Tylenchidae sequences obtained from GenBank (accession numbers: see Table 2 ). The alignment was manually refined and Cephalenchus hexalineatus was again used as the outgroup taxon (AY284597). A Bayesian phylogenetic tree was constructed using MrBayes v.3.2 (Ronquist et al. 2012 ) using the GTR+I+G model. Four parallel runs with four chains each were run for 1 × 10 6 generations for the D2-D3 region of LSU and 500,000 generations for the complete SSU dataset. The first 150,000 and 100,000 generations, respectively, were discarded as burn-in for the LSU and complete SSU and 50% majority-rule consensus trees were constructed from the remaining samples.
Results and discussion
Description of Discotylenchus lorestanensis sp. n. (Figures 1 & 3 ; Table 1) Female. Body straight or slightly curved ventrally after heat fixation. Cuticle with fine transverse annuli, 0.8-1 μm wide at mid-body. Lateral fields with two incisures, almost one-fifth as wide as body diameter. Lip region continuous, with distinct disk, 2-3 μm high and 5-6 μm wide at base; disk diameter 3-4 µm, cephalic framework poorly developed. Amphidial aperture longitudinal slit. Stylet short with rounded knobs, Conus slightly shorter than the shaft, 40.5-47.2 % of total stylet length (figures 1B and 2C, D). Dorsal pharyngeal gland orifice located 1-2 μm behind the stylet knobs. Procorpus slender, median bulb oval in shape, 9-11 μm long, 6-7 μm wide, with weak valve plates. Nerve ring located in anterior half of the isthmus. Excretory pore 67-71 µm from anterior end, hemizonid 2 to 3 annuli anterior to excretory pore. Isthmus slender, basal pharyngeal bulb saccate, offset from intestine ( figures 1A and 2A, B) . Reproductive system monoprodelphic, with outstretched ovary and short postuterine sac (figures 1D and 2G), oocytes in single row, spermatheca lobed and offset, filled with rounded sperm ( Figure 1K ). Tail elongated, not filiform, tapering to a rounded tip (figure 1L and 2H-J).
Male. Similar to female in general view. Body straight or slightly curved ventrally, lateral field with two incisures. Testis outstretched, sperm in single row. Spicules slender, ventrally arcuate, bursa short, 17-20 µm; gubernaculum simple. (Figures 1E, . Vulval body width 14 14.5 ± 0.8 (14-16) 5.9 -Anal body width 9 9.5 ± 1.5 (9-13) 11.5 10.0 ± 0.6 (9-11)
Vagina ( higher c value (6.2-8.0 vs 3.5-4.6), lower c' (5.8-9.2 vs 10.0-13.3), and higher V (63-71 vs 57-61). Differences with D. longicauda include the shorter tail (66-78 vs 140-188 μm), median bulb shape (oval vs spindle), basal bulb shape (saccate vs elongated), spermatheca shape (round to ellipsoid vs elongated), and longer stylet (8-9 vs 6.5-7.5 μm). It differs from D. discolabialis by the longer stylet (8-9 vs 6-7 μm), median bulb shape (oval vs spindle), basal bulb shape (saccate vs elongated), spermatheca (filled vs empty), and in the presence of males. The new species differs from members of the second group, above, in several features in addition to the number of lateral field incisures. In comparison with D. attenuatus, it differs by having a longer stylet (8-9 vs 6-7 μm), and in tail shape (not filiform, tapering to a rounded tip vs filiform, with extremely narrow terminus). It can be separated from D. brevicaudatus by the longer stylet (8-9 vs 6-8 μm), greater body length (449-566 vs 320-360 μm), tail length (66-78 vs 35-47 μm), and vulva position (63-71 vs 79-81%), as well as in the presence of males. It can be distinguished from D. discretus by having a longer stylet (8-9 vs 7-8 μm), by tail shape (elongated, not filiform tapering to rounded vs gradually tapering, filiform), and shorter tail length (66-78 vs 80-115 μm). D. lorestanensis sp. n., differs from Discopersicus iranicus Yaghoubi, Pourjam, Ortega, Liebanas, Atighi & Pedram 2016 by its longitudinal amphidial aperture on the lip region (vs oblique amphidial aperture), as well as in having a shorter stylet (8-9 vs 12-15 μm) and body (449-566 vs 681-748 μm). Locality and habitat. The specimens were collected from the rhizosphere of oak trees (Quercus brantii) in Sholabad region, Khoram-Abad county, Lorestan Province, western Iran (GPS coordinates: N 33°26' 37'', E 48° 12' 47''), in May, 2014.
Type material. Holotype female (slide number DL 200), 16 paratype females, 6 paratype males and 2 juveniles on slide numbers DL 201-DL 208, kept in the nematode collection of the Department of Plant Protection, College of Agriculture, University of Lorestan, Iran; 4 paratype females, 2 paratype males and 1 juvenile on slide numbers WT3698; WT3699; WT3700 and WT3701 in the Nematode Collection of Plantenziektenkundige Dienst, Wageningen, The Netherlands.
Etymology. The specific epithet is derived from the Lorestan province of Iran, the region where the new species was collected.
Molecular characterization and phylogenetic relationships. For our molecular analyses, we sequenced two fragments of ribosomal DNA: 563 bp of LSU (28S D2-D3), and 1747 bp of SSU (18S) each from two separate individuals. The newly obtained sequences were used for phylogenetic reconstructions along with available sequences of members of Tylenchidae obtained from GenBank. We chose a sequence of Cephalenchus hexalineatus as to serveoutgroup taxon for each dataset. In the SSU analysis, our D. lorestanensis sp. n. sequences are tentatively placed as sister taxa to Filenchus misellus (Andrássy, 1958) Raski & Geraert, 1987 (differing by 16-17 out of 1747 bp) and Filenchus chilensis Raski & Geraert, 1987 (differing by 16 of 1747 bp). These three species are placed in a well-supported (0.95 pp) cluster with Filenchus discrepans (Andrássy, 1954) Raski & Geraert, 1987 and Filenchus longiurus (Siddiqi & Lal, 1992) Brzeski, 1997 , all species of Tylenchinae Örley, 1880 (Geraert 2008) . The main clade of Boleodorinae Khan, 1964 (Geraert 2008 in this phylogenetic tree includes Basiria duplexa (Hagemeyer & Allen, 1952 ) Geraert, 1968 iranicus, Basiria sp. and Neopsilenchus magnidens (Thorne, 1949) Thorne & Malek, 1968 , placed together with strong support (1.00 pp). The relatively high number of autapomorphic characters, as well as the maximal support of the relevant branching points, supports the status of D. lorestanensis sp. n. as a distinct species. Based on the type of amphidial aperture and the results of our phylogenetic analyses of SSU sequences, this new species belongs to the subfamily Tylenchinae (Geraert 2008) . Analysis of the LSU sequences (figure 4) shows that two individuals of D. lorestanensis sp. n. were identical. Key to the species of Discotylenchus 
